Human papillomavirus type 16 (HPV 16) DNA integrated within the cell DNA in cervical carcinomas is frequently defcctivc, but commonly retains its putative transcriptional control region and E6 and E7 open reading frames (ORFs) intact. One clone of such a partially deletcd HPV 16 DNA was tcsted and found to be transforming for rat 3YI cclls. Thc result indicates that HPV 16 DNA containing E6 and E70RFs with the homologous promoter is sufficient for inducing focal transformation of immortalized rat fibroblasts.
Human papillomavirus types 16 (D/irst et al., 1983) and 18 (Boshart et al., 1984) (HPVs 16 and 18) are now widely believed to be agents causing cervical carcinomas, on the basis of the close association of viral DNA with such cancers. The HPV genomes in precancerous lesions and cancers exist both as episomes (frequently in multimeric forms) and integrated within the cell DNA (Diirst et al., 1983 (Diirst et al., , 1985 Boshart et al., 1984; Yoshikawa et al., 1985; Crum et al., 1985; Pater et al., 1986; di Luca et al., 1986; Shirasawa et al., 1986) . In cell lines derived from cervical carcinomas the viral DNA is transcriptionally active and integrated within cell DNA. The integrated viral genomes are mostly defective through partial deletion and contain the putative promoter region and the E6 and E7 open reading frames (ORFs) intact (Schwarz et al., 1985; Lehn et al., 1985; Pater & Pater, 1985; Scheider-G/idicke & Schwarz, 1986~ Baker et al., 1987 . Furthermore, E7 protein has been detected as the most abundant HPV protein in the cancer cells (Smotkin & Wettstein, 1986 Seedorf et aL, 1987) . These facts strongly suggest that the expression of the E6 and E70RFs plays some role in causing malignant transformation of normal cells. However, there are many unanswered questions as to the role of HPV 16 genes in carcinogenesis.
Transforming activity of HPV 16 has been shown with mouse NIH 3T3 cells (Yasumoto et al., 1986; Tsunokawa et al., 1986) , human fibroblasts and keratinocytes (Pirisi et al., 1987) and, in conjunction with an activated ras gene, primary rat cells (Matlashewski et al., 1987) . We have molecularly cloned and characterized a monomeric, defective HPV 16 DNA (designated 022) integrated within the cell DNA from a cervical carcinoma (Matsukura et al., 1986) , and have developed a focus assay using rat 3Y1 cells (Kimura et al., 1975) , an immortalized normal fibroblast line, for HPV 16 DNA (Kanda et al., 1987) . In this study, we tested 022 to determine whether, when integrated in the cell DNA of a cervical carcinoma, it is transforming for rat 3Y1 cells.
The structure of 022 is shown in Fig. 1 . This DNA has lost the majority of the early genes and is connected to cell DNA. It retains the putative transcriptional control region (between ORFs L1 and E6) and ORFs E6 and E7 are intact. The HPV 16 DNA--cell DNA HindlII fragment was inserted into pBR322 (Matsukura et al., 1986) . The cloned recombinant molecule was released by HindIII digestion and used for transfection by the calcium co-precipitation method (Graham & van der Eb, 1973) The two transformed cell clones showed higher saturation density than that of normal 3Y1 cells (Fig. 2) . In 0.4~ agarose medium, Hal31 formed small colonies 4 weeks after seeding, but Hal 32 did not. The behaviour of cells transformed by the whole HPV 16 DNA also varied from clone to clone, as measured by anchorage-independent growth (Kanda et al., 1987) .
Southern blot analyses (Southern, 1975) of the total cell D NA from Hal 31 and Hal 32 showed that the two cell clones contained multiple copies of 022 integrated within cell DNA (Fig. 3) . After digestion with XhoI (which does not cut HPV 16 DNA), DNA that hybridized to the nicktranslated (Rigby et aL, 1977) 32p-labelled HPV 16 DNA moved together with high molecular weight DNA (lanes 3 and 6). Hal31 showed anchorage-independent growth and had significantly more copies (approx. 60) per cell than Hal32 (approx. five copies per cell). The foregoing data indicate that 022, which has intact E6 and E70RFs, has transforming capacity for rat 3Y1 cells. The lower efficiency of transformation by 022 suggests that early genes other than E6 and E7 possibly influence transformation. It is known that the HPV 16 E2 gene product trans-activates expression of genes under the control of the HPV 16 promoter . Lack of the homologous polyadenylation site may also influence the transformation efficiency. Whether the human DNA sequences in 022 affect the transformation efficiency is unclear at present. The PstI B fragment containing the transcriptional control, E6 and E7 regions could not induce focal transformation, whereas the E6 and E 7 0 R F s driven by the SV40 promoter were transforming. It is likely that lack of extra DNA sequences for recombination with host cell DNA and lack of the proper introns and polyadenylation sites lowered the transforming efficiency of the PstI B fragment. An HPV 18 subgenomic DNA fragment containing the HPV promoter, ORFs E6 and E7 and the polyadenylation site from SV40 has been shown to transform NIH 3T3 and Rat-1 cells (Bedell et al., 1987) .
Recently, it was found that expression of the E 7 0 R F s of HPV 16 (Kanda et al., 1988) and HPV 18 (Watanabe & Yoshiike, 1988) inserted into an SV40-based expression vector (with an SV40 promoter, intron and polyadenylation site) is sufficient for inducing focal transformation (Matsukura et al., 1986 in rat 3Y1 cells. Therefore, HPV 16 or 18 ORF E7 encodes a transforming gene. The data obtained in this study strongly suggest that the HPV 16 D N A segment containing its promoter (and enhancer) and transforming gene is sufficient for inducing focal transformation of immortalized rat fibroblasts.
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